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Link pridiction

The relevant problems of link prediction are 

more concerned to the links that will be formed 

in the future or finding the missing links in the 

network.

The link prediction based upon the graphs' 

structure does not take real world factors such 

as users' characteristics and the root of relations

into account (Backstrom and Leskovec 2011)
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Application

Predicting the Structure and missing links of the 

covert networks or terrorists(Basu 2005)

In biomedical problems which measuring the 

node atributes are not easy.

Working with vague or noisy data.
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Why Fuzzy modeling

 same age, geographical place, more common 

friends

Most of the concepts which are using in SNA are 

liguistic( close, weak, most,strong,…)
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Fuzzy VS. Crisp

Crisp Relations

Fuzzy Relations
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Literature Review
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Literrature Review
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Checking Accuracy

AUC (Area Under the receiver operating 
characteristic curve ):

generates a score for all of the non-existing links in 
each step and makes a relationship between two 
nodes with the highest score.

Some of the edges are removed to create the  set 
that is the set of non-observed links. 

Therefore, the score of these links are compared 
with the score of non-existing links.

 In n independent comparison, n′ counts the times 
that score of non-observed links is higher and n′′
counts vice versa, then AUC will be computed as 
follows:
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Fuzzy clustering coefficient

The clustering coefficient is based on the clique concept

softer definitions for clustering coefficient (Yager

2008):

"Most of the elements in S are closely

connected".

""None of the elements in S are too far from any 

of the others".

""No element not on the clique is better

connected to the members of clique than any 

element in the clique".
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Fuzzy clustering coefficient

1. Close:

1. It can be defined as a path with minimum length

that connects two nodes to each other.

2. Yager conceptual model for close:
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Fuzzy clustering coefficient

 New close function

 the closeness in social networks decreases exponentially.

 new close function for undirected and unweighted social 

networks is proposed as follows:
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Fuzzy clustering coefficient

Closeness for fuzzy graphs:
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Fuzzy clustering coefficient

Most:

Most can also be defined as a fuzzy function like M(p)
that indicates the proportion p satisfies the Most (Yager

2008).
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For any node in the network the value of p can 

be computed as follows:

 C1 criteria can be calculated by using the 
amount of
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there are Far and Not Far concepts.

 Far is a function like the close and the Not
indicates the negation of this fuzzy number. For 

any pairs of nodes Not Far is calculated by 
equation:

Second Criteria:
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The third criterion shows that every node out of the cluster of considered 

nodes should not be closer to most of the nodes in the cluster. This criterion 
should be defined as follows (Yager 2008)
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In the equations                        

If M(y/s) is lower than the M(x/s) for all of the nodes in the cluster then the 

third criteria is 0 otherwise 1.



Fuzzy link prediction based on local clustering coefficient (FCC)

fuzzy quasi-local clustering coefficient model is 

used for link prediction.

 The score of the node in the paper is calculated 

similar to the previous studies in the literature 
(Saramäki, Kivelä et al. 2007)

S(x,y)=S(x)+S(y)
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Fuzzy link prediction based on cluster overlapping(FCO)

In previous models based on clustering coefficients 

or cluster of the node, the clusters’ overlapping is 
not taken into account
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Fuzzy link prediction based on cluster overlapping(FCO)

 Goldberg proposes a model to find the cluster overlaps based 

on counting the nodes that are similar in both clusters over all 

of the nodes of both clusters (Goldberg, Hayvanovych et al. 

2010).
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 In order to compute the cluster overlapping for 

two nodes  and  the following new index is 

proposed:

 Equation calculates the sum of closeness of 

two nodes through all the paths that connect 

the nodes to each other over the sum of 

weights of all edges within the clusters
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Intelligent hybrid methodology for link prediction
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The similarity indicates the characteristics of 

people like age, gender, location

Interaction shows the frequency of the relations 
between two nodes. 
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MAMDANI-ANFIS inference engine
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Choosing the best candidate

different proximity measures may choose the 

same candidates for creating the links

the frequency of the selection and the weights of 

candidates is taken into consideration.

 In the equation w is the strength of a link, f the 

number of selections and N the number of all 

indices.
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DATA

Netscience coauthor ship network

Coauthor ship network data set(Newman 2006)

The weights are calculated by the number of

works which is done by two researchers in

common.

 In every step about 10 percent of the data were

chosen for the test

for every model about 10 experiments were done
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Resutls

FCC VS. WCC:
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FCO VS. WCC:
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Results

Hybrid Model
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Conclusion and future works

The results show that using fuzzy logic can make 

better predictions because of the better definition of 

networks characteristics and the concepts related to 

the links and nodes in social networks. 

 It also shows that the hybrid model presents the 

best predictions, and cluster overlapping models has 

the second best accuracy in predictions.

The results also indicate that ANFIS is weak in 

predicting the strength of the links.

 It also seems that Mamdani inference engine 

cannot predict the strength of nodes due to the 

complexity of the social networks
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Conclusion and future works

The current study is the first attempt in the domain 
of fuzzy link prediction.

 there are rooms of works that can be done in future

 it is possible to use some models based on machine 
learning techniques such as fuzzy logistic regression 
and fuzzy EM (expectation maximization) to predict 
the strength of the links more effectively.

 Weak ties theory, which plays an important role in 
social networks, and fuzzy logic can model the 
strength of the ties very well.

 It is worth noting that employing the fuzzy probability 
based models can modify the methods for finding 
the strength of the links or predicting the evolutions 
of the social networks.
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Thanks!
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